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figure 4 Schematic showing an example of an apparatus for acquiring fingemrint 
images wherein a closed loop servo feedback signal is provided by useXo >SS 

t ^ amS k T d adjUStment 0f ^ "<* of the ^ hi source rll£Ttol 

hologram substrate block of the hologram assembly. 9 
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Sl ui^ M 5(3) Bragg S6leCting detunin S characteristics for 

hologram used to acquire fingerprint image (fingerprint imaging hologram- center bold 

fl* f ' i f 7? 3t ^ 80816 (right Side ^ackSgnmtjTd lot angle 
feel kirl" ^ ™ US6d t0 ^ ^nn^nfor closed toop 

40 Ste II °"!t ^ a T,° r ^ ° perateS t0 maintain of *e read 

angle tor the fingerprint imagmg hologram as temperature changes in the material 

imaging h ° l0gram » - d in W SWfto $ m reL" Ton 

£ B h rag8 "f 111118 COnditi ° n ° f the fmger P rint ™^ hologram duTtoThange 
in temperature of the material comprising the fingerprint imaging hologram 8 
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20/ - • t ■ ' . ' 

■ Figure 8. Schematic representation for a recording geometry of an assembly that can be 

*. used to record one or more holograms that are to be reconstructed in an edge illuminated 
format so as to provide for diffracting light upward from the slab waveguide for acquiring 
fingerprint images for an embodiment of the apparatus and method of this invention. 
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Apparatus and method for high resolution fingerprint capture and 

identification 

Field of the Invention 

i^fJ^ mVe f° n r ? ateS t0 ^ fie,d of fingerprint acquisition, enrollment 
.4ent,ficat 1 on, and or authentication. It applies, in particular, to the use of 
fingerpnnt imagmg penpheral device that can image and capture pore stmcturalfeZS 
m addition to standard mmutiae structures. The apparatus and method of this motion 
further comprises a data bus connecting one or more said peripheral(s) to one or more 

z^iT^-T, d r ices ' i i mage acquisition W s*™ 

SSP P^ e , structjiral features in addition to and/or together with standard minutiae 

1S£2^ technpI 0?y can b * usedin 30 optical e,ement of * e fi — 

Background of the Invention 

^ ' Growing concerns regarding domestic security have created a critical need to 

P 08 !^ Ident ^ in <«viduals as legitimate, holders of credit carS, Ss hWs 
172 " r fo ™ of identification. The ideal identification j£S£ reSbk 
fast and relatively inexpensive. It should be based on modern high-speed eSonS 

t V1 u S ?* T bC nCtWOrked to enable fast and effective Zi^ 5 information I 

ett Je^ ?7 aCV ^ 16 ' md r ° buSt for ufe m iTaSty o 

environments, including airport security stations, customs and border crossings police 
vehicles, home and office computing and entrance control sites of secure bSgs. 

A well established method for identification is to compare a fingerprint with a 
previously obtained authentic fingerprint of the individual. Fingerprints havStiSlv 

SrSo T ^ ^ er on a white paper - 

clearly fails to meet the catena listed above, numerous attempts have been made to adaot 
an electrorucally unaged fingerprint method to address new security demanrThese 
modern proposals all use, as a key component, a solid-state device uTSLw 
op^cal sensor to capture the fingerprint image in a digital, format. BTusing a new l of 
so d- tate imager as part of a fingerprint identification apparatus a finfe*riT c rbe 
coHected convemently and rapidly, for example, during a security check and 
ubsequently correlated, in near real-time, to previously trainfd digital fegenSte in^ 
electronic data base that resides either in a computer at the security check 00^^^ 
but portable or removable storage device, or on a remotely networked semf 
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A typical fingerprint comprises a pattern of ridges separated by valleys and a 
MOjm, and are ahgned along the ridges and can be isolated or grouped into ^ ormo e 

o one (1) foil mch square or even larger, in order to obtain enough features to Krfom a 

denttftcatton, even though there are typically 7 to 10. ten times rj^ZS 
with uae o/fingerpri,, Lrepre ^aslmalTaTo. ^ STSf^ 

One example of such a design is shown in Figure 1 a u rt i Aft i„ • •• , ' 
between a top cover plate am. a bottom trahsp™e™ pE „ r 2^-, ' 

prepagatloh angle tha, is sufflcien, £ preduoe"^ retotTgS light 
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ss^w^s z 3£"- h * » ^ ^ 

circle ammged within the gray ridge* ^ "* ""^ ^ " ^ 

This invention is not limited to using the optics of Reuse 1 Anv nth™ m.rtwt 

pS^ventio^' 1 " ~ ^ mC ° ,POrated in '° 3 **« ^ *» - 

Summary of the Invention 

embodiment the anoaratnc anH t>, 0 ^^ r*u- • . y U,A ir ? ch - 111 another 

with commercialized device* gen>nnt ^ prev,ous, y achievab,e 
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way of wample can improve image contrast, or increase reliability of automatic 
fagerpnnt .dennficanon, or improve maintenance of precise optical aligULS^een 

that in fin k 8e 7 rint im f n * Peripheral of this invention comprises an optical design 
hat in one embodiment is based upon use of a waveguide hologram, as shown in Figure 
but ° f sa,d P^P^l is not limited to use of a hologram. The desim could^v 

nlrZ^rT d t r or more prisms or other «™*»* oS£ 

ght. The optics for the embodiment shown in Figure 1 is an optical design comprising a 
light source; a light transmitting substrate slab or waveguide that comprise^ ton fnd 
bottom surfaces that are substantially parallel; light entSnce aid SgTS f^s a 
holographic optical element in optical contact with either the top or bottom su^Le of me 
waveguide sard holographic optical element comprising one or Tre holo^ms a^d 

SI?? l 5 ™^ W the waveguidelilTa £ 

ailfracted light exits the slab through its top surface; a means of coupling light from the 
light source mto said light transmitting substrate through its K^ert^i^^ 
manner such that the light has a wavefront curvature ^id proSU^de tha^ Z 
substantially uniformly diffracted by said holographic «tiSd!S7^£ 

w^Ch ly of C t 8 f ? Ii8ht Pr ° Pagati0n ^ ^ S3id 

waveength of the hght source, or combinations. thereof, in response to changes ui 
operating temperature of said fingerprint imaging peripheral, in a ma^er su'SaTth^ 
light transmitting through said substrate slab is substantially umforn^yT^ 
ho ograpbc ophcal element without significant changes indiffraction eSy i "a 

a^g^; C ^^ 8e tl f by Way ° f ^ can be > is no X£ to 
inZ 1 a J ° ne finger contactin g surface, and at least one electronic • 

image capture device that, by way of example, can be a CCD or CMOS imager Said 
mven ion additionally contemplates designs that accommodate even brLrran'Jt 
operational temperature, such as between about -25°C to 55°C. 8 

tnmJlfZS^T the . e ! eCtr0nic fi W int ima S es ■» stored directly by 
S ^ fin 8"P™t mage information through a bus(s), such as a high-speed data 
bus(s) to a storage device(s) connected to a local or remote networked wmfuterfsf l£ 
bus interface can be capable of outputting fingerprint image da ta faS c£ £J£- 

fransfer remote commands to the fingerprint imaging peripheral to adjust varioul 
operating conditions of said peripheral such as laser output power, angle TeLerXe 
compensation, .mage exposure settings, and the like for procedure sJ* «ZS 

n ^,° n; H e,f r m : enanCe and aUt ° matic fault via the advanced See 

protocol and application specific call via software controls. Said storageXicefs) that 
are connected to a local or remote networked computers) can, by 32 , J£ 
integrated storage device such as Compact Flash or Smart Mrfia or Memorylt k or Z 
ATA device or combinations thereof. Other storage devices that may be ime^ \ Z 

co e n ^s y advantageous for said — - d — ■» srrr 
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h, ct. 2 S . T * mb ° d,ment of * e aPP^tus, the electronic fingerprint images can 
be stored locally in the fingerprint imaging peripheral(s) and said Q TmZ 
information can be transferred through a bus(s), such as ; a high-speed hSKoTI 
storage device(s) connected to a local or remote networked comouterfs^P w 

protocol and apphcatton specific call via software controls. Said stonTESTZ 
are part of sard fingerprint imaging peripheral or are cJZLVSteZ tSLS 
222 flT P ™? S) •"• by * ay of exm * ■>» - Restated storage^ sThl 

penpnerai(sj to one or more computers and storage device* Kv ,w~a!L T 
T P ' e - Sa ' d 1Mafece «<=«ng bus can incotporate one or^CtLfc 

cS E SLLT T"? Tf* feaMres - Cenai ° ^ 51aS £2 

1(1 !T JL- ? *! ra ° h M<,ulred "WPrinl image such as, by way of examnle hli™ 
Stay of 'ST ^ fin8CTpnM ^ " «Kta2 

way of example, htgh-resolunon bnage analysis of standard JSS,tS!Z be 
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performed for backward compatibility to existing (i.e., dated) databases with the same 
devices used to carry out high resolution pore/minutiae analysis and correlations A 
preferred embodiment of analysis of pore and minutiae structure uses a means of grev- 
level, gradient-edge detection. Those skilled in the art may use other suitable methods for 

' A SChemati ° ° f * PartiCUlar erabodiment of *e invention is 

Detailed Description of the Invention 

The peripheral of this invention comprises the opto-mechanical components one 
or more solid-state unagers, an electronic interface(s), and data storage means. For in- 
field use the peripheral must be capable of operating over a relatively wide temperature 
range. A though we describe a specific embodiment of the current invention that 
mcorporates me optical design of Figure 1, the invention is not limited to devices that use 
Uus design. Certain important characteristics of the holographic optical element are very 
temperature sensitive. For transmission holograms, such as illustrated in Figure 1, the 
factum of hght diffracted by the hologram depends both on its wavelength, and its angle 
of incidence w,th respect to the hologram plane. Adequate diffraction efficiency occurs 
only in narrow wavelength and angular ranges that are determined by the original 
ZSSLT? T S :™« ihe Mckness of the hologram medium. Without appropriate 
adjustments to the wavelength or incident angle, temperature changes of ohly a few 
degrees will significantly reduce or even eliminate holographic diffraction of a single 
hologram due to the effect of temperature on the refractive index of the hologram, L 
grating spacing and the grating angle. Equation (1), from Waldman et al., J. Stag Sci 
and Technol. 41, 5, 497-514 (1997), shows the effect of changes in refractive index An 
and changes in readout angle, Q, on the magnitude of the transverse component K z of 
the grating vector for a typical slant fringe hologram in said holographic optical element 

^smn^cosQ^ sinfi^co sfl^, ^ 

+ 2n_(m n 2 ■. g_ ^ 



[f 2 - sin* ' ^- sin 2 Q 2ext j 



0) 



A practical .device for use in the field must either eliminate operating temperature 
r a S Ss H 0 rT PenS t te f ° r te ? Perafilre Changes b * the Propagation angle of 

2l22? ^ ° r * e T Ve Cngth M b0th " AW»u* means to confrol or reduce 
temperature variations such as fans and thermal electric coolers, can.be incorporated into 
the penpheral they add expense, require greater power consumption, and increase bulk 
and complexity^It has been found that reducing the thickness of the holographic medium 

£SV „ ^ matCrial h3Ving Simi,ar thermal ^P™ 0 " P^ies as Te 
holographic medium, or adjusting the slant beam angle in the holographic recording 
process, using holograms that have recorded with a process so as to aSeve a Sue of 
grating strength, v of v/n>0.5, referred to as overmodulation, alone or in combination 
are effective ways to reduce operating temperature sensitivities. The apparatus of thS 



Docket No.: 3174.1012-002 



invention compensates for operating temperature variations by automatically chanting 
propagation angle or wavelength to maintain adequate signal-to-noise (SNR) at the 

S r th meth ° d f ^ T enti ° n **• by way 0f exam P ,e ' can be to automatically 
adjust the propagation angle is to mount either the light source or the transfer optics or 
tfie waveguide or any combination of the three, on one or more brackets whose 
dimensions change with temperature due to the thermal expansion of the mounting 
components. Said method is simple, inexpensive, robust, and compact, does not ustany 

£££5?* k C n ^ r T re ny eXtemal COntr ° I - Alth0u 8 h one embodiment of 
h s general approach , S illustrated in Figure 2, other examples obvious to those skilled in 

*xtZ«° H° ntemP ^ by 2* FigUre 2 shows a ,aser d ^e light source 

« m-I £f '"J m fr ° Dt ° f " COllimating lens > which * is "eld several 
Sl!n?f , entranCe ^ ° f *° WaV6guide - The laser is "^nted on a rod whos 
tength and thermal expansion coefficient are chosen to preferably produce the vertical 
motion of the laser position that is required to properly adjust the light propagation angle 
through the waveguide as the operating temperature of the device change! AtaS 
embodiments of this general concept include, but are not limited to, transSg orrSg 

rlonse Tl *" ?* ™ving and tilting the L S in 

eq>onse to changes in operating temperature. These motions can all be achieved 

elements that form the mechamcal mounts for these optical components. 

.1 * ^i, fing<ap * nt of this invention further contemplates that an 

^tromcally controller actuator, such as a motor, can be used to adjust fh Zfr of £ 
read laser source relative to the hologram, substrate block. The signal to drive the 

iZ T y H 0 i e 7f ]Q ' Can 06 ° btained from the intensit y of the^ght reading 2 
3 J7 ? read *" fi ? 8e,print ' ° r ' a,temativ ^ from a separate imager spec ficaUy 
inc luded for this purpose In a preferred embodiment it is desirable to use light difSd 

clt, SfTf feedbaCk S0UfCe ' SinCe l0CaI tera P erature ^ges such as due te 
S ffi^t^LT th6reby aCC0Unted for * ° ne ^odiment comprising use of 
light diffracted by the hologram, intensity of both the diffracted and undiffracted light can 

^Tr* b / t ^detectors and the difference signal normalized to ^sumsS 
can be obtained o provide feedback information for both the magnitude and direct^ of • 

£2! ClatlVe t0 a ? r int ' that is re « uired t0 ^-ate foTtemperanT changes 
Alternatively, a second hologram, specifically for the purpose of generating a servo 
feedback signal can have been recorded so as to be located in the S o "the main 
hologram that ,s used to acquire the fingerprint image. In a pXed altemXe 
embodiment this second hologram that operates for providing feedback c^n be co located 

» le nTr^r 1 >y CO - locational * multiplexed the second hoi" 
may be preferable to use. more than a second such hologram, and the method and 
apparatus of this invention contemplates that one experienced in the art w^choose Ae 
optimum number of such holograms to be used for generating a desirTd sel feedtatk 
signal for controlling and adjusting the angle of read laser. Figlire 4 shows schemSv 

to ST? ? ein ^ h ° l0gramS « USCd for generating a ^vo feSL sfg^aS 
ubT k, ? S. Stmem °^ thC ^ ° f the read ,aser so ^ce relative to the fofogTant 
£ST ♦ Z^! eXamplC dCpicted in Figure 4 is inte nded to be illustrative o^n 

Z^Z tr b6d meth ° d ^ apparatUS ' *»* *» use of a collimSLr for 
the read laser assembly is representative but is not a requirement for acquiring fingerprin 
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mages. The hologram that is used for the feedback signal can recorded so that it operates 
to diffract light to a separate feedback imager, or alternatively to pixels on the 2& S 
the fingerpnnt device that are located outside the area used for acquiring fingerprint 
images^ Dunng operation of the apparatus of this invention, the light from the read laser 

nciS7 nt apP - aratUS u ,S f eCted t0 paSS at a s P ecific "tf*) the hologram 

wn ZTf . ^rTV" fin8eiprint ' and Ms me «™* St is diffracted 

will be a function of he degree of matching between the properties of the hologram and 
die wavelength, angle, polarization, and wavefront of the 'read beam. IncreSs or 

aTa^us otSTT ° f ° r m ° re ° f the °P to -^hanical components of the 
apparatus of mis invention can operate to change the grating angle of me slant fringe 
ho ogram due to thermal expansion or contraction of the f material compSLg the 
ho ogram(s . Consequently, an angular mismatch results when reconsZchng 8 Z 
hologram at an angle that was Bragg matched for a different temperature, thereby cLng 
a oss in die intensity of the diffracted light that results in a concomitant chSLof 
intensity of the acquired fingerprint at the imager. ncomiram cnange of 

Afferent algorithms can be used to implement the servo control- and proper 
section of a method that is particularly suitable for a fingerprint apparatos aS toe 
computer control thereof will be obvious to one experienced in the krt. By way of 

•HSnf V S S fu dent t0 S6t tht ^ 0Dce at a *» own time(s), such as during an 
mmal cahbrauor .of the apparatus, then the actuator control can be instructed to moveS 

sta e U * —I *" inteDSity at the 6lectr0flic ima & capture ^ce (US 
state imager) dunng said movement. If the. detected intensity is decreasing then me 

direction of movement of the actuator can be reversed to find me optimal We 

corresponding to maximum diffraction efficiency for the hologram that is usedTo aSe 

ZctfT* T g6 ' V 1 ? d ^ Cted: mtensit y has travLd through? P ei T 
function of adjustment of the angle, then the actuator can be returned to iTs position toat 
corresponded to the peak value of the detected intensity. Alternatively if ^0^ 
compensation is preferred, then the actuator can be dithered back and forth 

controls the actuator so as to continually reverse direction as it crosses the peak ValuTof 
detected intensity. Preferably, the actuator may be continuously moved T ordfer to 
pro^for sensing whether the peak has shifted in angle. It is prSle U dTth r 
amp htude be confrolled such that the resulting intensity changes, dete^ed a! the imatr 
are sufficient to detect, but not so- large that they deleteriously affect the , SNR ofT 
acquired fingerpnnt image. In another embodiment (see Figure 5), other hologVls that 

angle in either direction relative to the angle for the diffraction peak^f the hologram thi 
iX^ST^ *" fin ^nt image, could be outside ofthe area used to a^ufr 
Uto fmgerpnnMmage as a means of providing for additional feedback control and 
sensitivity to changes in temperature. Separate imagers or, alternatively, otoeT pSels^n 
ttie imager of the fingerprint device that are located outside the area used fox acquiring 
fingerpnnt images, can be used for said feedback and actuator contiol TS 

ftjj ^^f * S€rV ° C ° ntro1 COUld ^ ^ - Tto provide for 
keeping both of the . separate imagers detecting the same level of intensity therebv 
operating to maintain alignment ofthe hologram, that is used for acquiring Wemrtt 
•mage, so as to be centered in the read beam. For instance, if saidSTep^ ^ 
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detecting ; higher intensity the actuator could move counterclockwise for adjustment 
whereas if second separate imager is detecting higher intensity then the actuator is driven 
clockwise for adjustment. In this manner, by way of example, the method of mis 
embodiment provides both, magnitude and direction to the servo control system 

nf J^^t^ Propagation angle in the waveguide will also change the angle 
of die diffracted hght that operates to produce the fingerprint. Consequently, me postion 
°™ fingerprint , mage will move on the solid-state imager. Fortunately, only relatS 
mall changes of angle are required to maintain acceptable diffraction efficiency ove^ 
acZf 52? 8 temperat f 6 Said ^ additionally be translated to 

SZ^f I'' S , f ° Perating tem P era ^ and such translation can also be 
automated as may be needed for larger temperature ranges. 

al ' emative emb fdiment comprises use of multiplexed holograms for the 
holographic element such that the Bragg selectivity of said holograms ifTbsiuy 
overiapped as a function of detuning- angle. Use of multiplexed holograms C ^e 
recorded co-locationally for said element can significantly reduce the sensitivity of Z 
apparatus of this invention to temperature changes, or alignment changes, or wavelength 
changes, or combinations thereof. Said holograms, by way of examnle SnT 

^ttttr od 'tr^^^^Z^ 

increment of the recording angle is less than the width of the Bragg selectivity of each 
muluplexed hologram Alternatively, said holograms can be multiplexed by va^ng "e ■ 
interbeam angle or the wavelength such that the grating period of each multiplexed 
hologram is slightly different so that the angular or wavelength selectivity 
of one.such hobgrams is partially overlapped with another The optical convoMon of 
said multiplexed holograms provides a broadened detuning chLcteristic for said 
St morT^f for an f ° r 7 ave,e * Such that the difiraction effiSncy of me 
Thk l 71 7 "I Whe ? Ch ^ gCS m length, alignment, or temperature occur 
This type of holographic , element is advantageous compared to when the Brae* 
selectivity is broadened by me approach of over modulation. 88 
Another •alternative method, comprising changing the wavelength (see Eon 1 

aSiT I b r SC ' t0 f ° r tem P erature Nations, hnplenf ntSl of thi 

alternative memod maintains or stabilizes the position of the fingerprint on the imaSr 
Wave ength changes can, by way of example, be effected by SSZ^cSSto 
conditions of a laser diode, such as by changing the level of the d^cKS 

fiTtSnJ^7 Pe f ^ t ? Per u V 6 df thC ^ ° r b * ^perature sensLe waveleng* 
filtering of a multi-wavelength light source such as a LED. Possible wavelength filters 
include, but are not limited to, holographic optical elements whose propel wS chang 
m concert with the properties of the hologram of the waveguide'. 8 

h 3c J" ? her ernb odiments, rather than changing the wavelength, a reading source that 
h^ a broader .wavelength spectrum can be used to reduce the senskviryT fenTe an* 

l^Z^T^r^' f ° r u eXample ' a -PeHuminescent LED. Stiver 
effective approach, depending upon the properties of the hologram, is to convert the 
reading source to a collimated laser or LED source. •■ 

holoeraT^ ° f ^ T?*" "* ° f tids invention relate to the 

hologram that operates as a holographic grating to redirect the light froni the slab 
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waveguide towards the finger. Prior art for the compact fingerprint apparatus comprises a 

t h? Z T T fr ° m ? Slab in a dircctionlt is pe^ndi ar 

to the top cover plate shown in Figure 1. The apparatus of this invention preferabW 
comprises a hologram that diffracts light from the slab waveguide in Son 2? s 
no Perpendicular to the cover plate so that the light reflected afthe platerair mterface 
not be diffracted by said hologram on the return path toward the imager. More p^Sy 
the hologram diffracts light in a direction that differs from the perpendicular direction bv 
an angle that exceeds the angular width of the Bragg selectivity^ s^d h^Tbnt 
dl^ 8 . 1? t a , dd,tl0na "y » close 10 Perpendicula^'as possible in order to mMmi^ 
STnT "J.T 1 fi , n8erprint The Preferred diffiaction P ro P«ty of said ho3a 
n™?H r aC v, h Tl Wlth mu,ti P lexed h °>ograms or with ovennodulated hobS 
providmg for both the preferred angle of the diffracted light and also the p Sd 
broadened angular selectivity of said hologram. preterred 

Another ^ect of the apparatus and method of this invention, is that it comprises 
one or more holograms that operate as a holographic grating to redirect the light from tte 
slab waveguide towards the finger in a direction that differs from the pSendkular 
direction by an angle that exceeds the angular width of the Bragg seTctrvfty o?Z ^7 r 
more holograms and that said holographs) is also formed to^erat w fta difiTion 
5?1Sd m t T k?' m ° re Preferab,y 31 16351 50% ' -enmore Jlluyx Z 
« fi rl Pr f raWy f ater *" 9 ° % - to prior «* <Mto et al.) She hologram of a 
compact fingerpnnt apparatus was a single hologram that would be formed to optima lv 

? . d,f&a ? IOn 6fficienCy ° f V"^ 1 * 50 % to maximize the amC of 
detected signal that reflected at the plate:air interface. : me amount ot 

th* n °* er ' embodiments .of the apparatus of this invention relate to the slab waveguide 

^rs^rr h *\ fi ? said ught source w m t0 as 

of said hologram. In one embodiment the apparatus and method of this invention 
preferably comprises a slab waveguide that includes an entrance edge that h* ^ obW 

surfaces. Use of an oblique angle for the entrance face of the slab waveguide 

reduces the th i ckness requirement forsaid slab wave ^l ns£ 

embodiment the apparatus and method of this invention preferably compris^sTslab 
waveguide that has an entrance edge, which operates with optical P oW^ to opti^ze 

JS3S*jrr ?** hologr r without use of ext - a » S£2E; 

way of example, said optical power can be designed to provide optimal illumination of 
said holographic grating for laser diodes that operate to output Ugh 

irrf T ge , that changes *• *** width or the of^uT fght tz 

another embodimen said apparatus and method comprises a slab waveguide Snides 
light traps^at its end. In still another embodiment said slab waveguX can bv wav «f 
Si bC 3 ref !f Cti c Ve metal *»* its bottom surface af or ne^he'eZ^ 

S£ hT^ ^ C ° ating ° PerateS t0 protect the slab wav ^e from smuTes 
and other defects that can impair the signal-to-noise (SNR) of the apparatus In nthS 
embodiments, a K wave plate is included between a laser 

m tcS r h egU t t0 r ° tate *" Plane ° f ***** su <* that the S! £ 
matched to the polarization used to record the holographic optical element S at the 
same time providing optimal illumination of the entrance edge of the slab waveguide 
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The 14 wave plate can be tilted on an axis perpendicular to the direction of illumination in 
order to provide an effective optical thickness that is optimal for a given wavelength. 

Other embodiments of the apparatus and method of this invention relate to the ton 
cover plate that operates to sandwich the hologram with the slab waveguide In one 
ernbodunent the apparatus and method of this invention preferably comprises a top cover 
plate that has high refractive index relative to BK7 or float glass. Said cover plate can 
Aen redirect undiffracted light more efficiently by means of reflecting the light, which 
by way of example, can be under TIR conditions. In another embodiment said top cover 
plate comprises a curved finger contact surface that, by way of example, is a plano- 
convex lens. Said curved surface can, for example, be used to capture larger images and 
enhance signal strength. In still another embodiment said curved surface is another 
optical element that is attached to a planar top cover plate, or is placed on top of the 
planar top cover plate when the fingerprint is captured. In still another embodiment the 
apparatus and method of this invention comprises a compliant polymer coating that is 
located on the finger contact surface and operates as the surface material that the finger 
contacts. Said coating can, by way of example, can be attached to the cover plate or it 

ZlZJT 1 ?7J hte l ° r U C3n be placed onto * e cover P^te when the 
fingerprint is captured. Said coating can be used to enhance image quality and reduce the 
depen ence of SNR in the acquired fingerprint image on fingefmSe or th^wercng 

h * ST u SUrf3Ce t0 016 ™* Plate - h stU1 embodiment thf 

apparatus and method of fhis invention comprises a cover plate .that is formed from a 

mSica " ^ ^ ° PtimiZ?S SNR ° f ** Captured ima S e > such « 

Other embodiments of the apparatus and method of this invention relate to other 
components and methods that can increase SNR of the captured fingerprint image 
Additional optical components that, by way of example, can include use of a % wave 

ul Jr a hT m t natl ° n With ' " near P ° ,arizer t0 ^ detection of noise that can arise 
undesirably from sources such as diffuse and specular reflection. In this manner the 
contrast of the fingerprint image can be improved. In one configuration, said % wave 

£f JS. T 7°, b6tW u 6 " ** ° ptical element be,ow «»» the hologram! 
St?H k TS d ^ em ab ° Ve th3t is thi t0p Cover plate « «* «» "near potaffi" 
located beneath the slab waveguide and above the imager. Said hologram operates to 
diffract light that is linearly polarized in a direction upward towards the % wave plate 
and upon propagating through the % wave plate the polarization is transformed to 
circularly polarized light. Upon reflection from either the. top cover optical Sent or 
from ndge structure of the finger, the circularly polarized light is transformed by 2 >/ 

2Ej£?£? 'T? ly P ° lariZed Hght haS - field dtato £ k 

2u£^£ on ^ Section of the light entering the hologram. Both diffuse and 

rid l f ? °u C T dUe t0 mteraCti0n 0f diffiacted fe y Ae hologram, with the 
ndge structure of the finger surface that is in contact with the cover element where* 
only specular reflected light occurs where the diffracted light interacts with AJSJ 
plate and various embodiments thereof, at locations that correspond to the valley or pore 

SZ . IT ° f *T Det6Cti0n ° f 016 noise contributi 0 rfrom P sa d 

reflected light can substantially increase the level of grey-scale detected for portions of 

fcecapfcred fingerprint that would otherwise most desirably be zero grey scKve or 

black. High grey-scale levels for areas of the fingerprint image that omerwise should be 



-11- 



Docket No.: 3174.1012-002 



black can substantially reduce contrast in the captured image and thus make image 
analysts more difficult. The diffiise reflected light can be partially to fully depolS 

S^SLEftTr k ° riented l ° at ]CaSt Partia,1 y block contribution oTsaid 
Jt m S f 8 ^ m bemg CaptUfed by the ima 8 er ' thereb y Roving contrast. 
Other methods of improving contrast are also contemplated by this invention. Said linear 
polarizer can be used ,h combination with said wave plate, as described above o cvZ 

inL Zrl **°fi£ 1 10 impr0Ve SNR ' Sa * °P tical 

m the optical path between the top cover plate and the imager which by way of examole 

can be one or more CCD or CMOS imagers. V P 

10 It has been found that selecting a source wavelength that is in a ranee of 

ZESfc^?*^ <* Wue light ZLTSkll 

renected light, thereby improving contrast. 

of ^J**" ^ found additi <>nal improvements in SNR can be achieved by 
use of antireflection coatings on any of the surfaces that may reflect light ome/man the 
to, , cover plate that operates to sandwich the hologran/with the dab w^ve^e 

Sri* "f!f ?T Cnt didCCtriC l3yerS ' ^ ^ w ^ of ex ^Ple, can be flSle 
polymeric film materials such as silicones or siloxanes characterized by having a ow 
g^ fransition^mperature to eliminate air gaps between surfaces that may reflelt lighT 

20, lt:^X 8 to substantia,iy reduce * ^ 

penphe^^ 

So 10 Z & nnt ^TS? stical and System Perfonnan^tim^ 

Feb. 10 1999) the imager should have a resolution of at least 1 100 bpi so that cores in 
fingerprints can be resolved. Since the optical design of Figure 1 does not usTa C 
. fingerprint is captured without magnification. The maximums^ of tTe finge^thauit 

Sir idenfficahon using analysis and correlation of minutiae and pore 
0 EFK! 7? a S 9 T d fr ° m 311 area 0f the fin * er that * h« than about 1/8" by 

An electronic interface that is capable of outputting image data of the fineernrint 
3 locXT £ anal ° g t , f0n T COnDeCted t0 the -ager.Saiddigital i^SJK 
W S Y m PenP c he f al ^ m ^egrated storage.device such as Compact Flash 
Me | mory Stlk > or ATA device, or combinations thereof. Other storage' 

melod of Z y 'I egrated ? d be ParticUlarly ^ageous for said apparatus Z 
meuiod of this mvention are also contemplated. In a more typical embodiment The 
S C ^Wf »«ages "ay be stored directly by transfer of the fi^e^Umage 
mfo rmation through one or more buses, such as a high-speed data bus(s) to onTor more 

d^cet SaM lL 'H 0 ^ Ut ; dl T ly t0 ° nC ° f m ° rc bus ^P a tible remote storage 
ZZ i a g deV,Ce(s) ' that m connected to one or more local or remote 

networked [computers can, by way of example, be an integrated storage device £h£ 

'2MS£^ ^ ° r f m °Z Stik > 01 80 A device C o cTSL" 
thereof Additionally, for the case when said digital image data is stored locally in the 
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peripheral using an integrated storage device, then said data can be subsequently stored to 
com™ 



oh**™?? fin S er P™t apparatus can make use of such storage devices for storing freshly 

htll nT a8 ^ °?r i0USly Captured images ' or P reviousl y rolled and Sned 
whf IS^ , ° fore ". tan P ta " or ""dels), or combinations thereof. FuXr 
when a storage device nears its capacity the system comprising said apparatus offlS 
.nvention, m another embodiment, can automatically prompt ^ 

aSc^°7 rovide ad f ionai ,ocai ° r remote st ™£ ^«£Sf; 

allocates storage as determined by a previously scheduled configuration seSg or 
combinations thereof. By way of example, the electronic interfacVcan also Wer 
remote commands to said peripheral of the apparatus of this invention fcaSow 
coal ed adjustment of various conditions in said peripheral such as fa£ ouZ pot * 
ang^, temperature compensation, and image exposure settings, and Uhe Hke Zs 
allowing for automatic calibration, or self maintenance and automat^u^^^^^ 

sasss*- protoco1 ' ° r - * «*£ ssje 

A high speed, serial or other data bus connects the peripheral of this invention to 
one or more computers that can store, enroll, analyze, and SS Z^the 

to, IEEE 1394 (Firewire), USB, and Serial ATA. The connecting interface buTcIn 

m a T 3tiC Pr ° t0C01 f ° r identi ^ - d registering me ^ of 
device to the operating system when plugged in to the computer, and me^L aSf 
various computer apphcations and scripts that automatically prompt the uler tolS? 

S h enr ? ' T' 311(1 otherwise manage ' use ^ admirii ^ L 4i^^sS 

penpheral can be powered via the bus-interface, eliminating, in many S me need for 

StionaT'se^H^ f ? ° C °! pr0vide a means to automatically identify 

additional, serialized devices, such, as when they are added to the system and to Illow 
-^ctio.aUty or expanded functionality 3 ; such as mul^Cirint 

Additionally, in another embodiment, after images are canti.r^ hv 
penpheral, and indexed and stored, then certain s^fhvan^^cSs LX 

£ lf ne6d ^ at . the °P tion of ^em configuration .dnSSEES fcSta 
beneficia reasons. Certain enhancements that do not alter the original image or its unioul • 
.^aractenstics can be performed to enhance image analysis, such TEE 
filtering or automatic, level adjustment to improve confras or other m^thodl tZ 
include, but are not limited to, grey-scale gradient edge detect* ech^uS for nattt, 
recognition and subsequent matching techniques, or Jmb^omS^ 

i mfl *~ ° f C ° mparing Piously trained images or smaller portions of 

S ™ ° rder t0 qU3lify a COrre,ation 35 su <*essful. ^ese t2« 

applied to fingerpnnt/pore detection will provide unique, novel, and very robtTme^ 
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of positively identifying and/or authenticating an individual, compared to those 

Sol A"" r T ti ff a * 500 ^ reS ° luti0n ima * ers -* standXmutiae basS 
methods Applications for forensics as well as other identification and authentication ^iU 
be practical with the use of this invention, on a large scale and at low coT^s 
invention will have significant commercial and forensic impact, as pore sLc^es^e 
unique to the individual, and are present in many times the quantity Z T^dZ 

Sr^^ 

Self calibration combined with real-time adaptive training can be implemented 
wi* the apparatus and method of this invention to' keep the fingerprint XaTtf 
yarned models current and, additionally, can be automated with software designed to 

^ 7 CS * ^ by Way ° f 6Xample ' « based u P° n W gradieS-edge 
detection ^techniques as applied to fingerprint/pore image analyst Omer forms oTimaS 
analysis that can be automated and applied to fingerprint/po'e image anaZ are alS 
oomemplated. By way of example, each time an individual uses an imager of this 
invention, a new template can be stored that can be trained automatically or whh manual 

database for that user, thus increasing the reliability of the apparatus of this invS bv 
improving its ability to eliminate both false rejects and also false ac7e P t s by usfof 

Tit A*i ^ m f P,e M tempkteS for « dividual ^faL i ecf 

Wmrim IT ^T^f* by automatica »y adding high resolution models tofce 
fingerprint database for said users on the occasion of subsequent read events 
Accordingly the more said user accesses the apparatus of this inventio ^ the better sa M 

tot otherwise can cause other lower resolution minutiae-based or blob-based systems to 
a ™ f^fST*^ ^ ppre "Nation often provides up to about 10 timeT the 
amount of data that is available from minutiae features alone, positive identification cm 
frequently be achieved with a much smaller sample than previously poSe 

SS"hS£ - *Wtt r SUCCCSS r3teS ^ * ^ SS td a"o 

a™,: Jf 1 * 31101116 ' embodiment of the ^atus and method of this invention said 
rf™f e n8erP K nt 1111386 U ^ enh3nCed With actional information thTby way 
hSSSf k ° ne °[ m ° re additi0nal securit y fea ^s. Certain types of addhiZ 
mWion can be attached to each acquired fingerprint image such as by way of 

fnfZl g 38 ? he3der t0 ** aCquired fingerprintimage: Sa^d adSnaf 

mformation can, by way of example, comprise watermarking, copy and ccZerfS 
protection, or manufacturer, model and serial number of the imagine aca^itionTJS 
or date and time of the acquisition of said fingerprint, or IP 3S of! colu « to 
which the imag er was attached at the time of capture, or attachment of ^taT"Sre 

ZSX^££** "? ^ d — «. ■ 

^ Another feature of said method and apparatus of this invention includes use of 
encrypt™ methods that allows only the intended recipient to open, rZ and% tTe the 
fingerprint information that has been acquired, enrolled, analysed or^XZZ, or 
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combinations thereof said fingerprint information can include the acquired image 
information or said additional information, or combinations thereof. 

fin- ta , applicjrtions °\ me and method of the invention, an acquired 

fingeipnnt image is correlated against, one or more stored fingerprint images In many 

^Zt ST? "?T ™ Uke!y t0 h3Ve been ac ^ uired »™& Cerent imagers. To 
minimize the effect of distortion m the acquired images, an NIST traceable alignment 
target can be used to calibrate each imager device. The alignment target can bTfo 
example a plate having a grid or array of dots on its surface. A calibration file can be 

10 SSSL im / 8Cr ^ St0red for reference - * **» manner, an image 

10 acquired on imager device A with certain distortion can be corrected or scaled relative to 

ISi^*^ aCqUired ° n imagCr ^ B With Cert - ^er 

The apparatus and method of this invention, which provides aforementioned 
advantageous aspects of fingerprint imagers in combination with integration sofrwTe 
will provide for a peripheral device that is capable of extremely high 
accurate correlation, such as is necessary for a device that is to be used wTft *SJc 
banking, online transactions, and security, authentication and identification applications. 

Exemplification 

20 that WwfifT^ ^ r elation experiment as a reduction to practice 

20 hat highlights the value of the apparatus and method of this invention. A fingerprint of 
die forefinger of the right hand.of one our staff was recorded in 1996 using Se optical 
design shown in Figure 1. Total image area captured of said fingerprint w^s 
approximately 0.15 x 0.15 inches. The fingerprint as captured was displayed ^n TanZ 
video monitor and a black and white photograph of the image wTs o^ZTuZg I 
Polaroid instant camera with high contrast black and white film. Subsequently Taid 

£ 0 S^P„°, h ^f^ 11 ,! WaS StoCd under ambient conditions - J° 2003, 6.5 years 
later said Polaroid photographic image was digitized by scanning at 600 dpi, and used as 

nvenZ g r Pkte ** "! ° f *■ ^erprint correlation soLareTf fl£ 

0 ' Z£ nf <£ ^ ,mage ° f thC Same fmger Was 111 2 °03 using a fingerprin 

rril 7! ntlon 5 om P risin g oPtieal design of Figure 3, excepting mat thTtop 
cover gi^ used for said reduction to practice was flat and parallel to the surface of the 
slab waveguide. Said captured fingerprint was compared to the 6.5-year-old pho ograph 

LhtrS Z * P wl! Ve ! dentification ' both pores and minutiae, was nSuy 
ach eved, even though, the said original and new images represent a finger area only 1/8" 
by 1/8 scale and rotation were different, and contrast and exposure were not matched 
nor calibrated in any way. At least 50 features, including 45 pores and sln^Tpointe 
were captured from the original scan of the 1996 image, of which 22 poresTd 5 JS 
were present, detected and matched in said captured fingerprint imaged in 200™ d 

0 annl^ £ ^ ST*, *°™ in * e ^nt by use of ^n 

fPP^ 8 < hat ,s ca P al >le of acquiring fingerprint images at high resolution ereatlv 

S ESS^Jr - ^ ^ be ^ f ° r ^ -rrelatrand SfiS 
S 7 r f k 1,ablllt y of Surprint comparison. Beneficial effects of the enhancements 

% ?f 3PParatUS ^ method of inv ention provide for reduc ng me 
occurrence of false acceptance, improving (through use of multiple templates) false feiec 
rates, and sigmficantly reducing the fingerprint sample area required for positi^ unique 
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Figure 6 shows the- Bragg detuning characteristics for 8 co-locationallv 

^SS^Sl^r plan r ave h0l0 ^ ams recorded in 50 micron SSKE 

uit P a n ' ,f f hC reCO l rdmg medium - Recordin 8 was ca ^ out in the conventional 

s^ssstsr *" increment of *■ recordin8 an§ies for 

2° TLETP? * h ° lo S™« corresponds to twice the value for the full angle 
^ ha i f he, ^ k ° f * e Bra 8g detuning curves. Each hologram w* 

recorded with equal beam intensities of 4 mW in the Reference a „H <nJ»i k~ T 
using spatially filtered and colhmated light with a 

4M , and the sample was rotated about the vertical axis by increments of 2° for each 
subsequent recordmg. Recording times used for the sequential receding of L To 

SS^tr were varied in order to ■^nSSJLS; 

hofograms # l- # , m e ^SST ^SS&E 
2f ° ^ ^ : h6re y/n 30(1 thus a substantially overmodulated hoS • 

Seen I ZfTVu 7 3 Sin8le P,ane - WaVe h0l08ram - ™» the separation S 
EES?? ^ ,t, P ,exed h o^ams is reduced to an increment equal to the fall widft fat 
ha f height of the Bragg detuning curve, then the resultant Bragg Lectiv^ c^eTof thl 
holograms are convo uted as shown in Ficure 7 Th* r* no ~ n f a-Z ? 5 • 
sW in Figure 7 as a fanction o^S^ J£SE 
for acfaevmg a more desirable top hat type mamfold Nevertheless the ZS£ S£ 
. 6 and 7 are illustrative of the use of multiplexed holograms to p ovide for a me^Tf 
compensatmg for temperature variations of the fmgerprSvice ° f 

tw F i §Ure j Sh0WS 3 schematic representation for a recording geometry and assemblv 
mlratedfollt °7° re h ° l0gramS ** ^ t0 bere'ons^lnTTd 

S ^ ' ^ imagCS for 311 ^bodiment of the apparatS 

T ntl ° n ' ThC eXtenial 2118168 of * e refe ™<* and signal writing 
ST? ITT 0 L P 7 endiculare *° * e surf ^s they are each incident Z Z 

d'nn^'a^T LT' ^ ^ interbeara ^ e the writing beams is 

aenned as e. The bottom most truncated trapezoidal flat is referred to h^Jn « 

Jifflaoto efficiency J i^X^KSS'St 
hologram^ Seated trapezoidal flat directly belowte Sam J«S ,o £i 

incident from the edge of said slab waveguide (see Figure 1 and if » B a." , ^ 
source, into ta reading „ s0 „ ^ for — J- 
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k ,f fr ° m refleCti0n Within ^ s,ab wave g° ide « the direction of 

twt r y *f 1 holo ^ am u P wards towaf d the top cover plate of the assembly 
Selects of suitable angles for the signal and reference beams; so they are optS 
relative to the angle of the oblique face that is used for the entrance edgTof tTsto 

IdTff' ^ rCfraCtiVe indCX ° f 016 block wavegmde 

^Lh, hk C J 6S,red l0 u atl ° n ° f ^ h0l0gram a,on S * e ,en ^ direction oTthe 
assembly wdl be obvious to those familiar with the art. Suitable angles for recording have 

been found to be 17J4- and 16.28" for 0, x and 9 2x , respectively, for a writing wavelength 
of 532 run and a readmg wavelength of 650 nm, where the writing block is BK7 ' 
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